Background. Although minimal-change nephrotic syndrome (MCNS) is highly steroid-responsive, some patients show frequent relapses, necessitating administration of repeated courses of prednisolone (PSL) at high doses. The adverse effects of long-term PSL treatment include osteoporosis, infection, diabetes, cataract, etc., most of which are serious. It is therefore necessary to establish useful strategies to reduce the PSL dose. Methods. Patients with the first relapse of MCNS were randomly assigned to two groups, namely, the CyA (AUC 1700-2000 ng/ml) + PSL (0.8 mg/kg/day) group (n = 26) and the PSL alone (PSL) (1.0 mg/kg/day) group (n = 26), and the clinical characteristics were compared between the two groups. All patients used C2 for CyA monitoring.
. MCNS is mainly characterized by the nephrotic syndrome, which may be persistent or remit and recur spontaneously [4] . The risk of ESRD in patients with MCNS is extremely low. Although the pathogenesis of MCNS remains largely unknown, immunologic disturbances have been implicated [5] . Steroid therapy is the first-line treatment for MCNS. Adults with MCNS generally receive low doses of prednisolone (PSL) per kilogram body weight (1.0 mg/kg/day), which may explain the remission rate of 80% [6, 7] . A prolonged course of steroid therapy, however, entails an increased risk of steroid toxicity. The optimal dose and duration of steroid therapy, as well as the optimum administration schedule to avoid steroid toxicity, have yet to be established in patients with nephrotic syndrome. Administration of immunosuppressive drugs such as cyclosporine might play a role in reducing the frequency and severity of steroid toxicity. Cyclosporine, an immunosuppressive agent belonging to the class of calcineurin inhibitors, has beneficial effects in adult patients with steroidresistant and frequently relapsing nephrotic syndrome [8] .
However, several reports indicate that prolonged use of cyclosporine may be associated with chronic renal injury, even in patients with normal renal function [9, 10] . In addition, hypertension and malignant tumours sometimes develop in patients with idiopathic nephrosis treated with cyclosporine [11] . There is a lack of coherent guidelines to guide clinicians on the optimal use of this drug.
To examine the clinical benefits of cyclosporine, we conducted a randomized controlled study of the drug in 52 Japanese adult patients with MCNS.
Methods

Study design
The study was a prospective randomized parallel-group open-label trial. Eligible patients consisting of MCNS patients on first relapse were randomly assigned by the trial nephrologists to treatment with cyclosporine + prednisolone (CyA + PSL group), or prednisolone alone (PSL group). Randomization was performed employing a simple randomization method. The randomization sequence was kept concealed by the secretary until the end of the trial. The study was conducted with the approval of the Institute's Ethics Committee, after obtaining the patients' written informed consent.
Patients
We enrolled Japanese adults (older than 18 years old) with biopsy-proven minimal-change disease. All patients were initially treated with oral PSL (1.0 mg/kg/day) at the time of the first episode. The duration of the initial daily corticosteroid therapy varied, largely depending on the pattern of response, and varied from 4 to 6 weeks. Thereafter, the daily dose was reduced by 10 mg every 4 weeks. The dose reduction by 10 mg every 4 weeks was continued until a daily dose of 10 mg was reached, which was then maintained for 12 months. All patients who developed the first relapse between January 2000 and April 2008 were admitted to our nephrology department and enrolled in this study. Patients with systemic illness, malignancy, diabetes, hepatitis B surface antigen positivity or renal vein thrombosis and those who had received immunosuppressive drugs for ≤2 months were excluded from the study.
Definitions
Nephrotic syndrome was defined as proteinuria ≥3.5 g/day, serum albumin <3.0 g/dl, oedema and hyperlipidemia. A patient was defined as showing 'relapse' when the trial nephrologists judged it necessary to step up the immunosuppressive therapy, supported by a daily urinary protein excretion of >3.5 g with 3+ or 4+ results on the urine albumin dipstick test for albumin. 'Complete remission' was defined as clinical improvement supported by a daily urinary protein excretion of <0.3 g and trace or negative urine dipstick test for albumin.
Indications for therapy
The CyA + PSL group received oral PSL (0.8 mg/kg/day) + CyA (Neoral; Novartis Pharma, Basel, Switzerland). All patients used C2 for CyA monitoring. In addition, the area under the concentration-time curve from 0-4 h (AUC0-4) was calculated. Cyclosporine was administered 30 min before breakfast, and the drug concentration was controlled at 600-800 ng/ml of C 2 [12] . The PSL group received only oral PSL (1.0 mg/kg/day). The PSL daily dose was reduced by 10 mg every 4 weeks. The dose reduction by 10 mg every 4 weeks was continued until a daily dose of 10 mg was reached, which was then maintained until the end of the 6-month period. CyA was administrated during the 6-month observation period.
Follow-up
The clinical data evaluated were the age at the time of the first relapse, blood pressure (mmHg), and laboratory data, including 24-h urinary protein excretion (U-P, g/day), serum total protein (TP, g/dl), serum albumin (Alb, g/dl), serum creatinine (S-Cre, mg/dl), and serum total cholesterol (TC, mg/dl), the duration of remission and the frequency of relapse. Patients were examined at baseline, namely at the time of the first relapse, and then every 2 weeks, 4 weeks, 3 months and 6 months. The S-Cre level served as the index of cyclosporine nephrotoxicity.
Statistical analysis
Data were expressed as means ± standard deviation (SD). The significance of differences between groups was examined using Student's t-test for nonpaired samples and the χ 2 test. Changes from the baseline observed at 2 weeks, 4 weeks, 3 months and 6 months of observation were compared between the CyA + PSL group and the PSL group using the t-test. The clinical parameters in both groups were analysed using repeated-measures analysis of variance (ANOVA). Two-way repeated-measures ANOVA was used to compare the severity of the proteinuria between baseline and at 2 weeks, 4 weeks, 3 months and 6 months of observation in each group. When differences could be demonstrated, values were compared with those at the baseline using the paired-sample t-test; P-values <0.05 were considered to indicate statistical significance. Correlations between AUC0-4 and C2 in cyclosporine concentration were determined by Pearson's correlation coefficient.
Results
A total of 52 patients met the enrolment criteria and provided consent for participation in the study. Twenty-six patients were assigned to the CyA + PSL group and 26 to the PSL group. The baseline demographic and biochemical parameters at the time of first relapse were comparable between the two groups (Table 1 ). There were no significant differences in any of the parameters examined, including gender distribution, average age, systolic blood pressure, diastolic blood pressure, U-P, S-Cre, TP, Alb and TC between the CyA + PSL group and the PSL group. The mean duration of first episode free relapse was 690.0 ± 631.6 days in the CyA + PSL group and 816.4 ± 760.9 days in the PSL group. There were no significant differences in the duration of first episode free relapse between two groups.
The primary endpoints could be analysed in all patients at the end of the 6-month observation period. A total of 20 patients (76.9%) in the PSL group and 25 patients (96.2%) in the CyA + PSL group achieved complete remission at 4 weeks. In the PSL group, complete remission was 92.3% at 3 months and 76.9% at 6 months. In the CyA and PSL group, complete remission was 92.3% at 3 months and 80.8% at 6 months. There were no significant differences in the percentage of patients in complete remission at 4 weeks, 3 and 6 months between the CYA + PSL group and the PSL group. Six patients (23.1%) in the PSL group and five patients (19.2%) in the CyA + PSL group developed relapse during the 6-month observation period.
The CyA + PSL group received a significantly lower dose of oral PSL (46.1 ± 11.3 mg/day) than the PSL group (56.0 ± 11.9 mg/day: P = 0.004). All 26 patients in the CyA + PSL group were administered cyclosporine at the dose of 600-800 ng/ml of C2. We found a correlation between the AUC0-4 and C2 (P < 0.0001, R 2 = 0.8) (Figure 1 ). The mean dosage of CyA was 1.8 ± 0.4 mg/kg/day. There were no major adverse events, such as elevation of the S-Cre level or hypertension during the observation period.
The proteinuria profile during the study period is presented in Table 2 . In the CyA + PSL group, the urinary protein excretion decreased from 6.4 ± 3.4 g/day at baseline to 0.5±1.6 g/day at 2 weeks (P < 0.0001), 0.01 ± 0.06 g/day at 4 weeks (P < 0.0001), 0.2 ± 0.9 g/day at 3 months (P < 0.0001) and 0.6 ± 1.2 g/day at 6 months (P < 0.0001). Similarly, there was also a significant change in the urinary protein excretion in the PSL group, from 6.9 ± 2.4 g/day at baseline to 1.8 ± 2.3 g/day at 2 weeks (P < 0.0001), 0.4 ± 1.3 g/day at 4 weeks (P < 0.0001), 0.2 ± 0.7 g/day at 3 months (P < 0.0001) and 0.5 ± 1.2 g/ day at 6 months (P < 0.0001). Comparison of the two groups revealed that the urinary protein excretion at 2 weeks was significantly lower in the CyA + PSL group than in the PSL group (P = 0.02). There were no significant differences in the urinary protein excretion at 4 weeks, 3 months or 6 months between the two groups. The TP and Alb were significantly higher in the CyA + PSL group than in the PSL group at 2 weeks (P = 0.03, P = 0.007), and the TC was significantly lower in the CyA + PSL group than in the PSL group at 2 weeks (P = 0.003) ( Table 3 ). The CyA + PSL group (20 patients, 76.9%: P = 0.02) significantly achieved complete remission as compared to the PSL group (11 patients, 42 .3%) at 2 weeks. There were no significant differences in the TP, Alb or TC at 4 weeks, 3 months or 6 months between the two groups.
The time to remission was significantly lower (13.1 ± 6.9, P = 0.006) in the CyA + PSL group than in the PSL group (20.5 ± 11.1) (Figure 2 ).
The renal function and blood pressure remained unchanged, with no significant differences between the two groups throughout the observation period. 
Discussion
While MCNS is known to be highly steroid-responsive, some patients show frequent relapses. The reported relapse rates in cases of adult-onset MCNS have varied from 30% to 80% [2, 3, 6, 7, [13] [14] [15] , and our previous data suggested a relapse rate of 67.1% [16] . The frequency of relapses in cases of MCNS might also be related to repeated courses of treatment with high doses of PSL. In our previous study, the relapse group showed a significantly higher frequency of steroid side effects, such as cataract and osteoporosis, as compared to the non-relapse group [16] . In children with INS, high doses of steroids have been shown to be associated with an increased risk of low bone mass [17] and ocular complications, especially cataract [18] . The optimal dosage and duration of steroid therapy, as well as the optimum administration schedule to avoid steroid toxicity, have yet to be established in patients with nephrotic syndrome. The immunosuppressive action of the calcineurin inhibitor cyclosporine stems is exerted via inhibition of a nuclear factor involved in activated T cell signalling in T cells. Recently, Faul et al. showed that the beneficial effect of cyclosporine on proteinuria is not only dependent on the inhibition of nuclear factor of activated T cells signalling in T cells but also results from the stabilization of the actin cytoskeleton in kidney podocytes [19] . Cyclosporine has also been used for the treatment of MCNS, but there have been studies of the efficacy of this agent in adults with MCNS. In a longterm Collaborative Study of the French Society of Nephrology, 86 patients with MCD were treated with cyclosporine (Sandimmun) at the dose of 5.18 ± 0.94 mg/kg/day. Superior efficacy was reported in steroid-dependent patients (complete remission in 73% of cases and partial remission in 14%) compared with that in steroid-resistant patients (30 and 26%, respectively). In addition, the S-Cre levels remained stable during the cyclosporine treatment (pretreatment: 91 ± 32 mmol/l, endpoint 98 ± 36 mmol/l; P = NS) [20] . In a small study of low-dose cyclosporine monotherapy (mean initial dose 2.4 mg/kg/day) in steroid-sensitive adults with MCD [21] , 8 of the 11 patients (73%) promptly entered complete remission after a mean treatment duration of 44 days, while in the remaining three patients, complete remission was achieved only when corticosteroid pulse therapy was added to the cyclosporine therapy. There were no significant changes in the creatinine clearance or blood pressure during the study period. A recent study compared the effect of low-dose cyclosporine (2-3 mg/kg/day) following intravenous pulse methylprednisolone therapy and PSL alone on time to complete remission. The time to remission was significantly lower in the cyclosporine following intravenous methylprednisolone therapy (11.0 ± 5.6 days) than in the PSL alone (21.5 ± 15.8 days) [22] . This result was similar to that of our study. However, there have been no randomized controlled trials. We report the first randomized controlled trial of cyclosporine in adults with MCNS. We used cyclosporine microemulsion (104 ± 25 mg/day: 1.8 ± 0.4 mg/kg/day) and maintained the C2 concentration at 600-800 ng/ml. Dose adjustments based on the absorption profile are likely useful due to the poor oral absorption of the drug and low oral bioavailability in patients with nephrotic syndrome. Several reports indicate that the protracted use of cyclosporine may be associated with chronic renal injury, even in patients with normal renal function [9, 10] . Hypertension develops in 14% of patients with idiopathic nephrosis treated with cyclosporine, and its incidence has been reported to be similar in adults and children [11] . Malignant tumours have been reported in patients with INS [11] . Therefore, attention must be paid to the adverse effects of the drug and the clinical response. Safer and more effective treatments are urgently needed. Ittel et al. previously evaluated the efficacy and safety of long-term cyclosporine treatment in idiopathic nephritic syndrome. They suggested that long-term maintenance treatment of MCNS with cyclosporine was efficacious and safe at least for a period of up to 43 months. Cyclosporine was started at 3-5 mg/kg/day given orally in two divided doses, and the dose was titrated to maintain through whole blood concentrations between 50 and 150 ng/ml. Initially, the cyclosporine treatment was combined with PSL (1.0 mg/kg/day) and PSL was tapered off within six weeks. Proteinuria declined from 11.3 ± 2.1 g/day to 2.1 ± 1.4 g/day within 2 months, and after 6 months the mean proteinuria was 0.7 ± 0.4 g/day. Complete remission was achieved in 9 of 15 patients [23] . We used preprandially low-dose cyclosporine for our adult patients with MCNS. The present study might show the efficacy of preprandial administration of cyclosporine. There were no major adverse events, such as renal injury or hypertension during the observation period. Combined therapy can induce early remission and facilitate reduction of the steroid dose. Combined cyclosporine and PSL therapy could be reduced PSL of total dose 2.5 g in comparison with only PSL. Therefore, combined low-dose cyclosporine and PSL therapy might avoid steroid toxicity in multi-relapse MCNS. After the 6-month observation period, the follow-up duration ranged from 6 months to 8 years (average 26 months). The frequency of relapse was not related to the repeated high-dose PSL or the duration of tapering steroids. After a treatment period of 6 months to 1 year, 8 patients attempted to withdraw of cyclosporine therapy for the purpose of preventing cyclosporine toxicity. Studies with a longer follow-up and large numbers are required in order to evaluate whether or not the frequency of relapse in multirelapse MCNS may be reduced by combined cyclosporine and PSL therapy.
In conclusion, we found that combined low-dose cyclosporine and PSL therapy in adult patients with MCNS significantly reduced the time to remission and allowed the PSL dose to be reduced as compared to therapy with PSL alone. These results suggest that this treatment is rational and should be considered as an important option in the management of patients with MCNS.
Conflict of interest statement. None declared.
